Background. Our objective was to examine patients who initiate renal replacement therapy (RRT) at 10 representative Canadian centers, characterize their initiation as inpatient or outpatient and describe their initial type of dialysis access, duration of pre-dialysis care and clinical status at the time of dialysis initiation. We also examined the impact of an optimal dialysis start (i.e. initiated as an outpatient with an arteriovenous fistula, arteriovenous graft or peritoneal dialysis catheter) on subsequent health outcomes. Methods. Charts of consecutive incident RRT patients were identified from 1 July to 31 December 2006. Information was collected until 6 months after the initiation or until death, transplant or transfer. Results. Three hundred and thirty-nine incident RRT patients were studied: 39.6% initiated as an inpatient; 54% started hemodialysis (HD) with a central venous catheter; 15.3% had <1 month predialysis care, while 64.6% had >1 year. Optimal starts occurred in 39.5% of patients. For HD patients, optimal starts occurred in 19.8%. Suboptimal starts were noted in patients referred <12 months prior to end-stage renal disease (44%) and in patients referred earlier (56%). The composite end point of death, transfusion or subsequent hospitalization was significantly reduced with Ó The Author 2011. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com an optimal start [hazard ratio 0.47 (95% confidence interval 0.32-0.68), P ¼ 0.0001]. Conclusions. Suboptimal initiation of dialysis is common in patients referred early or late. The benefits of early referral are lost if dialysis is initiated suboptimally. There is a need to identify factors that lead to suboptimal initiation despite early referral.
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Introduction
Transitioning from chronic kidney disease (CKD) to endstage renal disease (ESRD) is a stressful and emotional event in a patient's life. It is increasingly apparent that the transition period and subsequent months are characterized by health challenges and, furthermore, this period associated with a high risk of mortality. In addition, it is a period with disproportionately high health care costs.
The initiation of ESRD care is often suboptimal. This finding is consistent from jurisdiction to jurisdiction [1] [2] [3] [4] [5] [6] [7] [8] .
Patients poorly prepared for the onset of ESRD have been shown to have worse clinical and psychological status, longer hospitalization rates, worse vascular access, less utilization of home dialysis modalities and face a higher mortality rate than well-prepared patients. Similarly, it has been shown consistently that mortality during the first 90 days after starting dialysis is much higher than subsequently [9] [10] [11] [12] .
It is now believed that much of the morbidity and mortality risk can be prevented or reduced through better coordination of medical care before and after dialysis initiation [13, 14] . Early referral and optimal care prior to starting dialysis has been shown to impact greatly on subsequent outcomes and is associated with a lower mortality following the start of dialysis [15, 16] . Similarly, a case managed protocol-driven intervention during the first few weeks after dialysis initiation appears to have a sustained impact on mortality rates [17] .
The frequency and consequences of a suboptimal start in Canada have not been rigorously assessed. We describe a retrospective chart review with prospective assessment of outcomes in 10 centers that focuses on these issues from a Canadian perspective. We were especially interested in focusing on whether a suboptimal initiation of renal replacement therapy (RRT) would be associated with worse health outcomes in the first 6 months of RRT.
Materials and methods
The multi-center STARRT study (Study To Assess Renal Replacement Therapy) was designed to describe how dialysis is initiated in Canada by examining duration of pre-dialysis care and patient status at the time of initiation of dialysis in a set of representative hospitals and relating these to major health outcomes in the 6 months following the initiation of RRT.
At each of the 10 participating centers, the study was approved by the local research ethics board. This study utilized a retrolective approach (retrospectively identified prospective cohort). All eligible patients starting RRT from 1 July to 31 December 2006 were retrospectively identified and then followed prospectively until death, transplant, transfer out of a program or until 6 months after the initiation of RRT. While no validation was undertaken, each hospital maintains detailed lists of new dialysis patients, which must be accurate for facility funding purposes and are thus assumed to have a very high degree of fidelity. These lists were used to identify study subjects. Eligible patients included subjects 18 years of age or older starting any form of hemodialysis (HD) or peritoneal dialysis (PD), both home or incenter, and those receiving preemptive transplantation. We excluded those requiring temporary RRT due to drug or environmental intoxication, acute renal failure treated in the ICU and those with a kidney transplant initiating temporary dialysis due to rejection. Similar to the new patient lists, facilities must track accurately prevalent patients and deaths for facility-funding purposes and the systems in place are assumed to be excellent.
We assessed duration of pre-dialysis care, and whether patients started RRT as an outpatient or inpatient and if starting as an inpatient whether this was due to patient factors or because outpatient RRT was not available. We also assessed the initial type of dialysis access. In addition, we collected a number of demographic and laboratory parameters at the time of initiation of dialysis. A patient was considered to have an optimal start if all the following were true; (i) RRT was initiated as an outpatient and (ii) dialysis was initiated with a permanent access (i.e. a PD catheter for PD or either an arteriovenous graft (AVG) or fistula for HD). Early referral was defined as referral to a nephrologist >12 months prior to RRT initiation.
Descriptive statistics (number and percents for categorical data and mean SDs, median and range for continuous data) were used to summarize the information. The optimal versus suboptimal group comparisons were carried out using the t-test for continuous data and the chi-square test for categorical data. Because not every field is reported for every patient, percentages were calculated based on the number of patients with data reported.
To assess the effect of suboptimal starts on a composite outcome [allcause death, transfusion and subsequent hospitalization (excluding the initial hospitalization in suboptimal patients) and on survival, six multivariate Cox proportional hazard models were created using the SAS (version 9.1.3) PHREG procedure. The first model examined the effect of optimal starts on the composite outcome adjusted for the effects of age, sex and diabetes status. The second examined the effect of optimal starts on the composite outcome adjusted for the effects of age, sex and number of comorbidities. The third model examined the effect of optimal starts on mortality adjusting for the effects of age, sex and diabetes status. The fourth model examined the effect of optimal starts on mortality adjusting for the effects of age, sex and the number of comorbidities. The fifth and sixth models were considered sensitivity analyses where the outcome included only death and transfusion adjusted for the effects of age, sex and diabetes status and the effects of age, sex and the number of comorbidities, respectively. As our interest was in examining the impact of an optimal start, our multivariate models adjusted for factors intrinsic to the patient (e.g. age), but not for factors reflecting their status at the time of dialysis initiation (e.g. serum albumin), as such factors are likely to be part of the clinical milieu of a nonoptimal start. For example, patients who delay their modality choice and initiate dialysis as an inpatient will be likely to have a greater uremic burden, a lower serum albumin, etc. There is no real-world application of a multivariate model that describes the effect of an optimal dialysis start independent of factors such as serum albumin or measures of uremia.
Clinical data were obtained through abstraction of hospital, dialysis unit and pre-dialysis clinic charts. Analyses were two tailed, with a Pvalue of <0.05 considered statistically significant. Table 1 shows the demographics of the 339 patients who were enrolled in the STARRT study. Compared to optimal start patients, suboptimal patients were statistically significantly older and had more heart disease and more peripheral vascular disease.
Results
The primary outcomes are shown in Table 2 . The majority of patients initiated dialysis as an outpatient (60.4%). Most patients, 73.2%, started in HD, while 23.3% started in PD and a small proportion, 3.5%, with preemptive transplant. The two most common forms of HD access at initiation were a central venous catheter (CVC) (73.8%) and a fistula (23.4%). Almost two-thirds of patients were followed by a nephrologist for >12 months. Visits with a multidisciplinary pre-dialysis team were noted in 69% of patients. Table 3 shows various laboratory parameters at initiation of RRT. Compared to optimal start patients, suboptimal patients had statistically significantly lower hemoglobin, serum albumin and calcium and higher serum creatinine, phosphate and intact parathyroid hormone.
Optimal and suboptimal starts for all patients are presented in Table 4 . Suboptimal starts occurred 60.5% of the time. Of the suboptimal starts, 44% occurred as late referrals, while 56% patients were referred >1 year prior to starting RRT.
Given that patients who started RRT with PD (N ¼ 79) usually had an optimal start (93.7%), we show in Table 5 only those who initiated on HD (N ¼ 248). Of these, only 19.8% had an optimal start. In general, suboptimal starts were caused most frequently by CVC use alone (35%) or CVC and hospitalization (54%). Only 6.2% had arteriovenous fistulae (AVF), AVG or PD catheter but started dialysis as an inpatient. Seven patients were in the suboptimal group because outpatient resources were not available, while the other 198 were due to issues related to illness requiring hospitalization and/or initiating with a CVC. Figure 1 shows the prespecified primary composite outcome of death, transfusion and/or subsequent hospitalization (excluding the initial hospitalization in suboptimal patients) from initiation of RRT to 90 days. There was no difference in composite end points between suboptimal patients referred early or late. The composite end point was significantly reduced with an optimal start compared to a suboptimal start {hazard ratio 0.47 [95% confidence interval (CI) 0.32-0.68, P 0.001]}. This result did not change significantly in multivariate analyses [ Table 6 (Models 1-4)] or when the composite outcome was restricted to death and transfusion (Models 5 and 6, data not shown). Table 7 breaks down the composite outcome by category and shows the number of deaths, transfusions and subsequent hospitalizations in the optimal and suboptimal groups. Of the 23 deaths, 19 occurred in patients who The P-value reflects the comparison of the optimal and suboptimal groups. eGFR, epidermal growth factor receptor. initiated dialysis as an inpatient and 7 of those deaths were during the initial hospitalization. Deaths per 100 patient-years are shown in Table 8 . Overall death rate was 15.4 both unadjusted and adjusted for age and diabetes. Death rates were not higher in the first 90 days compared to Days 91-180. Death rates for optimal start patients were much lower than for suboptimal start patients [hazard ratio 0.15 (0.04-0.64) 95% confidence ratio; Pvalue ¼ 0.010]. Death rates for PD patients were lower than HD patients (hazard ratio 0.16 (0.02-1.19) 95% CI; P ¼ 0.074), although the difference did not reach statistical significance. Of the 49 HD patients who had optimal starts, 2 deaths occurred with an adjusted death rate per 100 patient-years of 6.94. Of the 72 PD patients who had optimal starts, no deaths occurred.
Discussion
Our results show that suboptimal initiation of dialysis is common in Canada. It occurs in both patients referred early and in patients referred late. A suboptimal start is associated with a higher mortality in the first 6 months of dialysis and negates the benefit of early referral. Most published papers reporting on late referral define it as 1, 3 or 4 months prior to ESRD [2, 3, [18] [19] [20] [21] . A survey of Canadian nephrologists showed that they believed a much longer period of time was required to adequately or optimally prepare a patient for RRT [22] . Given that this study used a 12-month window to define early referral and that it shows that even this amount of time is often associated with suboptimal starts, we suggest that the nephrology community reconsider when to define this late referral cut point. Indeed, analysis of our data using a 4-month late referral definition moves 25 patients from the suboptimal, late referral group (new N ¼ 63) to the suboptimal early referral group (new N ¼ 137).
Late referral to a nephrologist is well known to be associated with adverse outcomes and has been reviewed in detail [23] [24] [25] . In Canada, efforts to promote awareness of the value of early referral of patients with potentially serious and progressive kidney disease to a nephrologist have been led by the Canadian Society of Nephrology (CSN), who first introduced 'Recommendations about management and referral of adults with elevated serum creatinine' in 1999 [26] . More recently, CSN has endorsed automatic estimated glomerular filtration rate (eGFR) reporting by laboratories and have updated the referral recommendations [27] . Finally, a new clinical practice guideline on 'Management of CKD' has been published in attempt to educate and inform non-nephrologists and improve care at early and late stages of CKD before dialysis [28] .
It is disturbing that suboptimal initiation occurs commonly even when patients are referred to a nephrologist early. This problem would seem to be an important focus for nephrologists, yet to our knowledge has not been frequently described [29] [30] [31] . A preliminary list of causes of suboptimal dialysis initiation despite early referral includes (i) acute on CKD, (ii) patient-induced delays and indecision, (iii) barriers to accessing surgical resources (delays in referral, delays in scheduling the operating room, delays in salvage procedures and primary failure of AVF), (iv) insufficient nephrology care and (v) lack of dialysis resources to accommodate new patients. Of note, dialysis outcomes and practice pattern study (DOPPS) has recently shown that access to surgeons is a bigger problem in Canada than elsewhere [32] . We believe that these (and other) causes need to be quantified and analyzed so that new approaches can be developed to overcome some or all of them. The authors speculate that patient-related indecision, denial and inability to make timely decisions is the most common problem that must be overcome in order to impact on incident HD patient AVF rates.
Canadian research suggests that care provided by a multidisciplinary team is superior to care provided by a nephrologist practicing alone and impacts on survival and hospitalization rates [15, 16] . This study shows that a multidisciplinary care model is the dominant one in Canada, especially if patients are referred early. While this model seems to be a step forward and is strongly endorsed by Canadian nephrologists [22] , close inspection of previous published data, and this new data, suggests that there are still opportunities to further improve care [33] . It is tempting to speculate that the factors associated with suboptimal start despite early referral described above are at play even when a multidisciplinary team is involved. This study suggests that this is the case but does not allow for delineation of the possible causes or remedies.
The finding that suboptimal start occurs mainly in the HD group is critical and is driven primarily by CVC utilization in incident patients. DOPPS has described this previously in a Canadian cohort of both incident and prevalent patients [32] , and a recent CSN guideline has been published to promote AVF creation [34] . It is of interest to note that the same pattern of excess reliance on CVC in incident HD patients referred to a nephrologist >12 months prior to RRT is described in the most recent United States Renal Data System (USRDS) report [11] . Reducing CVC utilization requires first recognition and then understanding why the problem exists in both early and late-referred patients.
Despite the incidence of suboptimal starts in this Canadian cohort, the overall mortality is only 15.4 per 100 patient-years over the entire first 180 days, without any increase in the first 90 days. This contrasts with the situation described in the USA, where the first 90 days are reported to have annualized mortality rates of 24-50 per 100 patientyears at risk [9] [10] [11] . This compares to the overall United States Renal Data System (USRDS) mortality rate (after Day 90) of 23 per 100 patient-years. Why the deaths rates seen in our study are so much lower is not known. However, it is known that Canadian dialysis death rates are lower than in the USA. For example, in the DOPPS study for patients aged 55-69 years, the mortality rate per 100 patient-years is 16.1 in Canada compared to 19.0 in the USA [35] . Factors which may be contributing to the differences seen in Canada compared to the USA include differing levels of comorbidity or differing access to both primary care and specialized care for patients with CKD.
The adjusted death rate of incident PD patients in STARRT was much lower than for incident HD patients (2.0 versus 19.7, Table 7 ). Considering that the PD group is almost all optimal starts (93.7%), while the HD group is mostly suboptimal (80.2%), perhaps this difference is to be expected. However, the optimal PD starts patients had an adjusted death rate of 0 compared to 6.9 in optimal HD start patients. While some have claimed that the first 90 days are particularly perilous for HD starts because of intercurrent acute illnesses and/or other patient characteristics that bias these comparisons, our optimal start patients are more directly comparable and suggest that there may be an inherent advantage to initiation of dialysis with PD over HD.
The transition to dialysis may be amenable to interventions designed to overcome some of the problems associated a suboptimal start. Wingard et al. [17] in the former Renal Care Group showed in a prospective cohort study that an intensive algorithmic effort to augment management of several aspects of dialysis care, implemented by a nurse case manager, was effective in impacting on mortality rates as assessed at 90 days and at 1 year. Based on these results, Canadian investigators are preparing a study attempting to verify this in a controlled clinical trial with a facility-based randomization approach.
This study is important in refining the terms used to describe dialysis initiation. We respectfully suggest that the terms 'optimal' and 'suboptimal' initiation of dialysis be used to frame research questions and efforts to augment care [36] . Suboptimal initiation can be precisely and reproducibly defined as having occurred when a patient starts dialysis (i) as an inpatient, (ii) with a CVC and/or (iii) not on their modality of choice. Terms which have been used in the past, such as planned versus unplanned start, emergent versus elective start and others, are not easily standardized or defined and are not helpful in dissecting the complex issues that lead to a suboptimal start.
This study has important limitations. Patients were not randomly selected and the facilities that participated represent a convenience sample of Canadian facilities and patients. However, the demographic and comorbidity profile shown in Table 1 is comparable to a more representative national sample in the Dialysis Outcomes and Practice Pattern Study [32] and are also comparable to the full national sample reported by the Canadian Institute of Health Information and its registry, the Canadian Organ Replacement Register [37] . The facilities include eight academic-and two community-based practices. Therefore, we believe that it reflects accurately recent Canadian nephrology practice. Furthermore, the chart review methodology can be subject to primary data deficiencies, chart abstraction errors and data entry errors. Importantly, this study was not designed to determine what caused the excess mortality in those with suboptimal starts or to fully exclude demographic or other patient level factors as causes of the excess in mortality. These limitations mean that the associations we find should be considered hypothesis generating and do not prove causation.
In conclusion, suboptimal initiation of dialysis is a vexing problem. It has multiple causes, many of which are modifiable. It occurs commonly in patients referred early and in patients referred late. There are multiple promising approaches to augment CKD care that could be contemplated at the health care system level, at the non-nephrologist physician level and at the nephrologist level. Systematic approaches that successfully limit suboptimal starts to a small minority of patients could potentially lead to survival and other benefits for patients in transition to ESRD and to lower overall health care costs.
